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CDC & NASA:
Similar Concerns & Challenges

 Sampling and detection of low levels of microbes
 For outbreak investigations

 For biothreat investigations

 For planetary protection

 How to sample?

 What to sample?

 What tools/devices to use?

 How best to recover from sampling device?

 How to rapidly, reliably detect microbes?

 How confident can we be in the results?



Sampling Devices 

 Sampling 
 Devices evaluated: 

• Porous: vacuum devices: vacuum cassettes

• Non-porous: swabs, wipes

• HVAC filter as sampler? 



 Multi-Center studies via Laboratory Response Network 
(LRN) Labs 
 Swabs 

 Sponge Stick

 Vacuum Cassette

 Determined:
- Accuracy (% recovery)

- Sensitivity -Limit of detection

- Specificity -Limit of quantitation

- Reproducibility   

Quantitative Evaluations with Bacillus spores

*COSPAR  reports require:    “Estimated bioburden at launch, methods used to obtain the 
estimate, and statistical uncertainty in the estimate”



Size of Sample Areas

Areas Sampled for Multi-Center Studies: 

 Swab – 4 in2 (26 cm2 )        Stainless steel LOD~25 CFU  

 Wipe – 100 in2 (625 cm 2)     Stainless steel LOD~25 CFU

 Vacuum Cassette - 100 in2 Carpet LOD:TBD 

Q: Can we sample larger areas without compromising efficiency?



Hospital acquired infections (HAI):
Sampling from various surfaces types and sizes

Laminate:  Wood grain laminate, T-molded edge                    
Acrylic alloy: Kydex, O-80 thickness, P1 haircell texture
Stainless steel: T-304 alloy, 24 gauge

- Staphylococcus aureus (MRSA)
- Acinetobacter baumanii 
- Klebsiella pneumoniae (KPC)
- Clostridium difficile spores
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(350 in2)
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(100 in2)
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(200 in2)
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Surface
323 cm2

(50 in2)
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2258 cm2

(300 in2)

A. baumanii 

Steel 2.1- 6.4

Acrylic 4.7 - 13.3

Laminate 3.5 - 22.2

MRSA

Steel 4.6 - 15.2

Acrylic 6.1 - 24.4

Laminate 10.9  - 18.6

C. difficile 
spores

Steel 50.1 - 100 

Acrylic 67.9 - 97.0

Laminate 47.5 - 100

Optimum % Recovery of Three Organisms from Three 
Surfaces and Four Surface Areas

Sa (µ𝑚) = Average Roughness 

Steel:  0.53,  Acrylic : 4.29 , Laminate: 8.0 



Variables Influencing Microbial Persistence

 Surface type, characteristics (i.e., steel, plastic, glass, paper) 

 Temperature 

 Humidity/moisture present 

• Y. pestis – optimum survival at 55% RH (not necessarily 98%) 

 Presence of organic substrate (i.e., broth, blood, mucin)

• Yersinia pestis, Burkholderia pseudomallei, Brucella suis

• Acinetobacter baumanii , Enterococcus faecalis , MRSA

22°C, 40% RH 5°C, 30% RH

Calfee & Wendling 2012. Lett Appl Microbiol. Rose et al. 2003 Appl Environ  Microbiol.



Non-Culture Detection and Viability Assays

 Epifluorescent staining /microscopy 

 Membrane integrity, respiration, metabolic activity

 Labor intensive,  high limit of detection (>104) 

 ATP detectors – luciferace based 

 Advantage:  quick  (< 1 min)  & portable 

 Limitations:  

• Metabolic shifts can mislead

• Disinfectants can interfere with reagents  

• Limit of detection varies with organism

 Solid phase Cytometry – esterase activity

 Advantage   

• Theoretical LOD = 1 cell/sample

• Quick <2 hr

 Limitation 

• Not portable

Clean-Trace (3M) handheld 
ATP monitor



Molecular Detection   
Small Volume Analyzed so High Sample LOD

 Centrifugation & Filtration
 Concentrates non-targets and debris  

 Magnetic separation
 Cells or spores using antibody conjugated beads

• LOD  dependent upon antibody-bead quality  

 DNA,  RNA 

• LOD 104 cell equivalents/sample

Centrifugal 
Ultra-filtration

magnet

antibody conjugated
to Magnetic bead 



Detection: RV PCR

 Rapid viability PCR 
 Perform PCR on initial sample

 Incubate short time (2-6 hrs*) to increase cell numbers

 Perform PCR on incubated  sample

 If ∆Ct value > given threshold,  then viable cells present 

Advantage: 

Sensitive, specific

Low LOD (<10 spores)

faster than traditional culture, viability confirmed

Disadvantage:

slower than PCR alone due to incubation time

Labor intensive



HEALTHCARE FACILITY BIOBURDEN SURVEY

2010 - 2013



Survey of Healthcare Facilities  for
Multi-drug Resistant Organisms (MDRO) 

and Overall  Bioburden

 11 facilities in 4 states  

 Looking for: 
 Total number of bacteria (Bioburden)  

 Specific MDROs:

• Acinetobacter baumanii

• Methicillin resistant Staphylococcus aureus (MRSA)

• Klebsiella pneumoniae (producing KPC) 

• Vancomycin resistant Enterococci (VRE)

• Clostridium difficile 

 166 isolation rooms: 360 composite samples 
• Limited surface area per composite to ≤ 2500 cm2, targeted high touch surfaces

 Composite sampling – multiple sites sampled with one sponge
 #1: TV remote, telephone, call button and bedrails 

 #2:  room door handle, IV pole, over-bed table

 #3:  bathroom sites: grab bars, flush handle, door handle

Shams AM, Rose LJ, Edwards JR, McDonald LC, Arduino MJ, Noble-Wang J.  ID Week 2014 Poster.   Philadelphia, PA    



Survey of Multi-drug Resistant Organisms and 
Bioburden in Healthcare Facilities 

Findings (culture) of rooms  cleaned daily : 

 Mean Bioburden:     5373 CFU/100 cm2      (range ≤1 – 147,000)

 MDROs found in 76 rooms (out of 166)

 Mean MDRO Bioburden:     372 CFU/100 cm2 (range ≤1 -13,000)

(From 76 out of 166 rooms)

 A room with total microbial count > 1,281 CFU/100 cm2 

was significantly more likely to have any MDRO recovered.  



Q: Can We Improve Detection 
With a Molecular Approach?

 Eluents from surface samples sequenced :Next-gen 16S rRNA

 LOD : 104 CFU/sample 

 Focus shifted from MDRO containing samples to samples with 
total plate counts higher than 7.0x103

 Composites from the same room were combined

 94 (out of 360) samples were selected for 16S rRNA screening

 Samples 

 Centrifuged

 Bead beat

 Concentrated to 25µl   (Maxwell 16 magnetic bead purification system) 

 Sequenced (Illumina Miseq) 

 Multiple databases, tools used for analysis 



Culture vs Sequence

• Sample #9 – Patient isolated for VRE  

• Cultured:

– No  E. faecalis (VRE) cultured

– HPC (8.9x103) (not identified)

– Anaerobes (1.5x104)

• Sequenced: 
– 9%  E. faecalis  

– 13%  A. baumannii

– 2% S. aureus



Culture vs Sequence

• Sample #30 – Patient isolated for C. difficile

• Cultured:

– E. faecalis/casseliflavus :  2.9x104 CFU

– K. pneumoniae 1.9x104 CFU

– A. baumannii 1.1x104 CFU

– Broth + C. difficile

– HPC (2.3x105 CFU)

– Anaerobes (2.3x104 CFU)

• Sequenced:
– 2% of reads E. faecalis/casseliflavus

– 0.03% K. pneumoniae

– 79% A. baumannii

– 0.01% C. difficile

More work needed to better compare culture and sequencing, investigate trends



Task: Investigate Role of Environment in 
Transmission of MDROs

• Develop best sampling strategies for hospital  surveys 
and epidemiological investigations:
– Identify “hot spots”

– Surface areas size ?

– Composite?

– Include Hand Sampling 

• Improve on Detection Methods
– Concentration/separation

– PMA + Sequencing ?

– Is it possible to eliminate sampling tool?  Direct detection on 
surfaces?
• R & D opportunity?



Questions:

 What planetary protection (PP) related research activities or 
technical developments do you feel are critical for inclusion in 
your study area?
 Improved concentration of sample to lower the LOD

 Improve rapid, reliable (specific) detection of 

• viable target organism 

• total bioburden

 Multi-lab evaluations for statistical confidence in results

 What work/research is already underway?
 NASA/JPL – Sample concentration & molecular detection

 CDC – HAI and MDRO sampling and detection evaluations 

 DHS/SNL/PNNL – False Negative Rate modeling, LOD evaluations, Composite 
Sampling evaluations

 USEPA – Aerosol deposition,  vacuum sampling, composite sampling, survival and 
disinfection work 



Sampling Evaluations Genomics
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